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The neuroscience studies have brought about a great benefit to human beings.
Among them, the brain-machine interface (BMI), or called brain-computer inter-
face (BCI), is one of the breakthroughs and challenging ideas from the viewpoint
of engineering and clinical utilities. It has been developed to interpret the neural
activities to control a robot, prosthetic device, or computer. In the BMI studies,
neural activities in the motor cortex have mainly been considered as the inputs
to the external output device. However, it would be better to incorporate the
neural information acquired from other brain areas which contain a variety of
information other than motor commands. In this study, therefore, I deeply ex-
amined the properties of hippocampal theta oscillation during a robot-controlling
task in rats which resembles that used in human BMI task. As already known,
the hippocampal theta oscillation is involved in a variety of cognitive processes,
including the decision-making processes, and changes its parameters prior to the
alteration in behavior or motor output, and could provide a clue to diﬀerentiate
a series of cognitive and behavioral stages consisting of sensory processing, move-
ment preparation, and motor execution. On the other hand, the theta oscillation
observed on the scalp of the human frontal midline region (FM theta) is suggested
to have similar functional roles in cognitive tasks to those of the rat hippocampal
theta. Therefore, it would be useful if an evaluation of the hippocampal or FM
theta oscillation is integrated into the BMI to prepare the output device for the
incoming motor commands and improve the eﬃcacy of operation of the BMI. For
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that purpose, it is crucial to examine what kinds of parameters of the theta oscil-
lation show a change associated with the motor behavior and when the changes
occur. In addition, it would also be important to investigate to what degree those
changes in oscillatory parameters show a robustness to the diﬀerence in the type
of motor outputs and cognitive processes.
In the present study, a robot-controlling task by pressing one of the two
levers with ipsilateral forelimb was performed. The rat under a mild restrained
condition was required to press one of the two levers set in the right and left.
The rat had to choose the lever of the same side of the robot location, the
correct lever which moved the robot toward the rat, and continue to press it
several times until the robot arrived at the area within the reach. I found that
the relative power of hippocampal theta oscillation, as well as the absolute one,
gradually increased during a preparatory period of 6 s before the start of multiple
lever pressing regardless of the correctness of lever choice or the side of forelimb
usage. There was also a significant diﬀerence in theta power after the first choice
between correct and incorrect trials: in correct trials the theta power was highest
during the first lever-releasing period, whereas it was during the second correct
lever-pressing period in incorrect trials. I also analyzed the hippocampal theta
oscillation around the termination of multiple lever pressing. Irrespective of the
side of forelimb usage, the relative power of hippocampal theta oscillation, as well
as the absolute one, decreased gradually with the termination of lever pressing
to take food from the robot. The dominant frequency of theta oscillation also
showed a similar temporal change: the weighted mean frequency of hippocampal
theta oscillation increased before the start of multiple lever pressing, irrespective
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of the correctness of lever choice or the side of forelimb usage, maintained during
multiple lever presses, and then decreased gradually with the termination of lever
pressing. There was a significant increase in dominant frequency after the first
lever-on (or lever press) in incorrect trials compared to that in correct trials.
I also analyzed the dependency of the theta power and the frequency on the
duration of the first lever press. The trial, whose first press lasted less than one
second or more than one second, was categorized as initial-short-press trial or
initial-long-press trial, respectively. There was no significant diﬀerence between
the trial types in both the theta power and frequency. These results suggest that
the power and frequency of hippocampal theta oscillation might reflect the similar
preparatory and maintaining processes for multiple lever pressing as well as the
diﬀerent aspects of cognitive process after the first lever-on (or lever press).
Some of these dynamic properties of the rat theta oscillation during the
eﬀort-demanding task were similar to those in the monkey FM theta, suggesting
that the ideas acquired by examining the usefulness of the hippocampal theta
oscillation to improve the BMI might be applicable to human BMI by using FM
theta oscillation recorded from the scalp instead of the hippocampal oscillation.
Future work should be done to evaluate whether I can improve the performance
of BMI by incorporating the information on theta oscillation in addition to that
on motor commands recorded from the motor cortex.
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【論文審査の結果の要旨】 
 
田中氏は、Brain-Machine Interfaceへの応用を想定して、本研究で、学習させ
たラットの海馬の局所場電位（LFP）に着目して、その測定実験と解析を行った。左右
のレバーを押し分けることにより、自走式ロボットの走行をコントロールするように学習さ
せたラットにおいて、海馬局所場電位（LFP）を解析した結果、レバー押し開始の６秒
前からシータ波領域のパワーおよびピーク周波数が増加し始め、レバー押し終了後６
～８秒かけて減少することを明らかにした。この結果から、海馬シータ波をモニターす
ることにより、レバー押し行動の開始を事前予測することが可能であることを示唆して
いる、と結論付けた。 
研究手法においては、ラットの学習法として、左右のレバーを押し分けることで自走
式ロボットの走行をコントロールして餌を取得するシステムを開発し、それを用いてラッ
トを学習させた。この学習システムはユニークな試みであるとともに、ラットの学習効果
を客観的に、定量的に判定できることを実証しており、有用なラット学習計測システム
の開発につながる研究として評価できる。 
またこの解析結果から、行動を起こすにあたって行動開始の6秒前あたりから記憶を
手繰るため海馬の神経活動が活性化されていることが推測できる結果が得られた。こ
れは高次脳機能の研究においても新しい発見であり、また、意思決定、情動の活性部
位やメカニズムを究明するうえにおいても有用な知見を発見したものと評価できる。 
BMIへの応用としては、海馬シータ波をモニターすることにより、レバー押し行動の
開始を事前予測することが可能であることを示した。これは、筋電図計測で操作する
単純なBMIに比べて、より早く行動の意思を察知する高度なBMIの開発に有用な手
がかりを与える知見と評価できる。本実験では海馬への直接埋め込み電極を用いて
計測したが、人間では前頭正中部電極でのシータ律動（FMθ）が海馬活動を反映す
ることが知られているので、ヒトでのBMI開発にも海馬活動のモニタリングの未来を示
す意義ある知見である。 
学位論文、公聴会ではすべて英語での発表を行い、国際的にも活躍できる実力を
示した。内容の質疑においても脳科学の面、工学のものづくりの面の両面において、
深い議論が行われた。学位授与に必要な学術論文数をクリアしており、工学博士号を
持つに十分な資質があると評価し、委員全員一致で合格を認定する。 
 
 
